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1. Introduction 

Uata are presented comparing two Bellcomm entry 
simulations with simulations developed by three other 
organizations. The data presented, dased upon Apollo 
Mission C-Prime entries, involve seven check simulations 
designed to point up simulation differences. The simulations 
are identified as follows: 

A. HR - North American Rockwell Simulation. 

B. MPAD - llission Planning and Analysis Division 
Simulation, Flight Crew Operations 
Directorate, MSC. 

C. AGCES - Apollo Guidance and Control Evaluation 
Simulation, Engineering and Development 
Directorate, MSC. 

D. BC/HES - Sellcomm Hybrid Entry Simulation. 

2 .  UC/DES - Bellcomm Digital Entry Simulation. 

A comparison of the NR, MPAD and AGCES simulations 
was published by NASA'~). 
in the text and appendix of this memorandum. 

Information from that work appears 

2. Description of Simulations 

2.1 NR 

The NR reentry simulation is an all digital 
four-degree-of-freedom ( 3  translation and one 
rotation) simulation. Aerodynamic coefficients 
do not vary with Mach number. The earth model 
is a rotating Fischer Ellipsoid, and the 1962 
Standard Atmosphere is utilized. L/D is varied 
by chanqkaerodvnani A r h d F ;  - 4  --L- 
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2.2 MPAD 

- 2 -  

The MPAD reentry simulation is an all digital 
four-degree-of-freedom ( 3  translation and one 
rotation) simulation. Aerodynamic coefficients 
vary with Mach number as well as angle of attack. 
The earth model is a rotating Fischer ellipsoid, 
and the 1 9 6 2  U.S. Standard Atmosphere is utilized. 
L/D is varied by changing the aerodynamic coefficients 
table. 

2.3 AGCES 

The AGCES utilizes a hybrid computer complex to 
solve the equations of motion in real time for a fixed- 
base hardware CM cockpit simulation and a functional 
mechanization of the SCS. 'i'he spacecraft equations 
of motion contain six degrees of freedom. The earth 
model is a rotating Fischer ellipsoid, and the 1 9 6 2  
U.S. Standard Atmosphere is utilized. Aerodynamic 
coefficients vary only with angle of attack. L/D is 
varied by changing the location of the spacecraft 
center of gravity. 

2.4 BC/HES 

The BC/HES utilizes a hybrid computer. The 
equations of motion, which contain six degrees of 
freedom, are solved in real time. The simulation 
includes a fixed base CM cockpit mockup with displays 
and controls necessary to fly manual - SCS entries. 
The simulation is also capable of flying a completely 
automatic entry using the Apollo entry guidance and 
the entry digital autopilot. The earth model is a 
rotating sphere and the 1 9 6 2  U.S. Standard Atmosphere 
is used. Aerodynamic coefficients vary only with 
angle of attack. L/D is varied by changing the 
location of the spacecraft center of gravity. 

2.5 BC/DES 

The BC/DES is a digital four-degree-of-freedom 
(three translation and one rotation) simulation. 
Aerodynamic coefficients can vary with Mach number 
and the vehicle is assumed to be always in trim. For 
purposes of this study aerodynamics are held fixed at 
the values corresponding to the hypersonic Mach number 
range. The earth model can be a rotating Fischer 
ellipsoid but for purposes of this study is made a 
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rotating sphere. The 1 9 6 2  Standard Atmosphere is 
used. 
coefficients. 

L/D is varied by changing aerodynamic 

3 .  DescriDtion of Test Runs 

A summary of parameters used for the check cases is 
included as Table I. The initial conditions for all seven cases 
were: 

Altitude: 400,000 ft. 

Inertial Azimuth Angle: 79 .469415  deg. 

Longitude: -97 .84098 deg. 

Geocentric Latitude: 31.185049 deg. 

Inertial Velocity: as noted in Table I. 

Inertial Flight Path Angle: as noted in Table I. 

All quantities except those above and those noted in Table I were 
nominal for Apollo Mission C or C-Prime. 

All simulation runs for the NR, XPAD, AGCES and BC/DES 
simulations were terminated at the nearest data point to 100,300 
feet altitude to facilitate comparison with data from AGCES, which 
is terminated at this altitude due to limitations of the one- 
dimensional aerodynamic coefficient table. 

A l l  BC/HES simulations were started at a state vector 
corresponding to the 0.05 G state as generated by the BC/DES. 
For purposes of improved accuracy, computer scaling in the 
BC/HES does not permit aerodynamic decelerations greater than 
12 g. 
prior to 100,000 feet, termination data is compared to the BC/DES. 

4. Data Presentation 

In those cases where,due to high g,the HES terminates 

Time histories of key variables for the NR, MPAD and 
AGCES simulations, as taken from Reference 1, less the data points, 
are presented as Figures 1 through 26.  More than one curve appears 
on a graph when the time histories of the NR, MPAD and AGCES 
simulations differ sufficiently to warrant separate curves. 
very few exceptions, and within plotting accuracy, all NR, MPAD and 
AGCES data points fall on the curves. BC/DES and BC/HES time 
history data points appear on these figures. 
include altitude, altitude rate (for non-spinning entries), dynamic 

With 

The time histories 

p-ess?Ire and inertill v e l c ? r F t y  f n r  the seve_n_ check cases ~ 
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A summary of termination data - altitude, time, relative 
velocity, latitude and longitude - is presented in Table 11. The 
NAR, MPAD and AGCES data along with a mean and standard deviation 
of the variable as applied to the three simulations is taken from 
Reference 1. This same data is further analyzed in Table 111. 

5. ijiscussion 

The Discussion Section of the NASA report (1) is included 
as Appendix I. The conclusion reached is that results compare well. 
ilifferences are attributable to hardware accuracy limitations or 
to possible differences in simulation models. In reviewing Figures 1 
through 26 we believe the Bellcomm simulation data leads to similar 
conclusions. 

A comparison of the simulation termination data in 
Table I1 illustrates good comparison among all five simulations 
for the non-spinning entries (cases two through six). The impact 
data is examined in more detail in Table 111. Here the BC simulations 
are evaluated in terms of the mean and standard deviation based 
upon the other simulations. 

Again for cases two through six one can consider the 
results as acceptable with little reservation. The spinning 
entries show the BC/DES to yield two larger deviations from the 
mean. They may be attributable to differences in models and 
rotational dynamics. The comparison between the DES and HES appears 
satisfactory except for the relative velocity calculation. Here 
one suspects analog computer inaccuracy. 

In summary a comparison of the numerical results and an 
overall view of the time histories indicates that BC/HES is 
sufficiently accurate to warrant its application in generating 
data. 

# I  

& 1 .  4 2 f m z 4 L  
I. Bogner 

,- I ,  

. . , #>. . 12'2 4 -A 

S. B. Watson 2014-SBW-rk~ IB 

Attachments: Appendix I 
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APPENDIX I 

DISCUSSION (From Reference) 

The NR simulation was initialized at 97.84' east longitude 

instead of at 97.34O west longitude as used in the other two simu- 

lations. Since the simulation models are independent of longitude, 

the NR data was translated to facilitate presentation and comparison 

of data so that the initial longitude agreed with that of the other 

two simulations. 

In Case 2 the NR simulation was flown with lift vector 

at 90' to the south (270' in spacecraft coordinates) instead of 

at 90' to the north as were the other two simulations. To facilitate 

presentation and comparison of data for this case, the distance 

traveled out-of-plane to the impact point was transferred from south 

of the trajectory plane. The trajectory plane was defined by the 

impact latitude for the rolling entry case (Case 1). T'hough some 

error results here due to earth oblateness, this is considered 

small. 

Data comparison is considered good in all cases, with 

the qualifications noted above. It is felt that all remaining 

discrepancies which fall outside the range of hardware accuracy 

limitations can be accounted for with a more detailed comparison 

of simulation models. 
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